LEVEL SHIFTING CIRCUIT 

FIELD OF THE INVENTION 

(MM) The present invention pertains to a technique for shifting the signal level of a 

bmary s.gnal. More specifically, it pertains ,„ a level shifting circuit for shifting „ e levels of 
vanous types of input signals to a fixed signal level. 



BACKGROUND OF THE INVENTION 

[00021 I„ .he of electromc equipmen , ^ wj(Je|y ^ conven(jona| ^ 

voltage of 5 V used widely is reduced ,„ 3.3 V or 2.5 V in order to reduce .he IC (integrated 
crcu,,) power consumption, and situations which require the provision of an interface between 
dtfteren, ICs which use different operating voltages win, respect ,„ signal level are tncreastng 
For example, in tire case of a system equipped with a PCI bus, whi.e an IC on the core side uses 
3.3 V, an IC on the expansion board side may use 3.3 V or 5 V. In such a case, a level shifting 
crcui, is used that allows the core side to receive a signal a, the voltage level of 3.3 V regardless 
of whether the voltage level of a signal from the expansion board side to the core side is 3.3 V or 

10003] A conventional level shifting circutt equipped with this type of function is shown 

tn FIG. 11. Satd level shifting circuit uses N-channd MOS transistor (referred to as an "NMOS 
transistor" hereinafter, 100 as a ftansfer gate transistor. The drain terminal of NMOS tmnsistor 
100 ,s connected a, port A to a digital IC (no, shown) provided on the sender side, the source 
termma, ,s connected a, por, B to a digital IC (no, shown) provided on fhe receiver S ,de and its 
gate termmal is connected ,o node SO of bias circui, 102. Bias circui, 102 comprises diode 104 
and resistor 106 connected in series berivcen terminal C of power supply voltage V cc and 
ground, and i, supphes fixed voltage V cc . V F a, node sO, of diode 104 and resistor 106 to the 
gate of NMOS tmnsistor 100 as h,as voftage V r Here, V F represents the forward voltage drop of 
diode 104. 
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[0004] For example, to obtain a high level of 3.3 V at port B when a high level of 5 V is 

input to port A when the receiver side IC uses a 3.3 V system, assuming that the threshold 
voltage of NMOS transistor 100 is V*, bias voltage V g should be set so that V g - V tn = 3.3 V. 
That is, in general, the receiver side IC is a capacitive load when seen from port B, so that the 
source voltage (potential at port B) is restricted to level (V g - V*), that is, the level obtained 
when gate voltage V g has been reduced by threshold voltage V*, at NMOS transistor 100 
regardless of the drain voltage (potential at port A), and the on-state in the saturation region is 
stabilized at said level. Therefore, to obtain an H level of 3.3 V at port B when power supply 
voltage V cc is 5 V and threshold voltage V m of NMOS transistor 100 is 0.9 V, bias voltage V g 
should be set to 4.2 V, and 0.8 V should be selected for forward voltage drop V F of diode 104. 
Because the NMOS transistor turns on in the linear region and outputs the drain-source voltage 
when the high level of 3.3 V is input from the sender side IC, an H level of 3.3 V appears at port 
B. In addition, the same holds true when a signal input to port A is at the low level (normally 0 
V), and a low level of 0 V appears at port B. 

[0005] In the case of said level shifting circuit, the signal propagation delay time can be 

reduced to a value very close to zero by reducing the on-resistance of NMOS transistor 100, so 
that the level of the signal supplied from sender side IC, whether it is 3.3 V or 5 V, can be 
received by the receiver side IC as a single 3.3 V signal level instantaneously. 

[0006] However, the level shifting circuit has the following shortcomings or 

restrictions. 



[0007] ( 1 ) The level can be shifted only to a level lower than bias voltage V g by 

threshold voltage V tn of NMOS transistor 100, which is less than power supply voltage V cc . 
Thus, as described above, in order for the receiver side IC or the system which operates at the 
power supply voltage of 3.3 V to be able to receive signals from a 5 V system as well as a 3.3 V 
system, power supply voltage V cc of 5 V must be prepared, or the conventional level shifting 
circuit cannot be used. 
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[0008] (2) If the on-resistance were to be reduced so as to reduce the signal propagation 

delay time, NMOS transistor 100 would increase in size, and a large parasitic capacitance would 
be added between the gate and source or gate and drain. Said parasitic capacitance temporarily 
increases the gate potential through capacitive coupling to cause an overshoot of the output 
voltage when the input signal changes from low level to high level, so that accurate level shifting 
is hindered. 

[0009] (3) Because a steady DC current flows through bias circuit 1 02, the power 

consumption is high. In particular, if the resistance value of resistor 106 is reduced to restrain the 
overshoot caused by the transition from low level to high level, the power consumption is further 
increased despite the fact that the restraining effect is small. 

[0010] The present invention was conceived in light of the problems of the prior art, 

and its purpose is to present a level shifting circuit capable of quickly, reliably, and precisely 
shifting the level of an arbitrary input signal that is higher than the power supply voltage to an 
output signal level controlled by the power supply voltage. 

[001 1] Another purpose of the present invention is to present a low power level shifting 

circuit in which the DC current consumption is reduced. 



SUMMARY OF THE INVENTION 

[0012] According to one aspect of the invention, the level shifting circuit of the present 

invention is provided with a first MOS transistor whose first terminal is connected to a first port 
and whose second terminal is connected to a second port, a second MOS transistor of the same 
conductivity type as the first MOS transistor whose first terminal is connected to a power 
supply voltage terminal that supplies a power supply voltage corresponding to a reference logic 
level and whose second terminal and gate terminal are both connected to the gate terminal of the 
first MOS transistor, and a bias means for supplying a prescribed bias voltage below the power 
supply voltage to the gate terminal of the first MOS transistor. 
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[0013] In the case of the level shifting circuit according to another aspect of the present 

invention, when a signal input from the first port has changed from a first logic level to a second 
logic level, for example, low level to high level, the gate potential is increased by the potential 
corresponding to the input signal level changes due to the capacitive coupling between the first 
terminal and the gate terminal of the first MOS transistor, and the second MOS transistor is 
turned on so as to allow a discharge current to flow from the gate terminal side of the first MOS 
transistor to the power supply voltage terminal side. Thus, the gate potential of the first MOS 
transistor is clamped to a potential above the level of the power supply voltage only by the 
threshold voltage of the second MOS transistor. As a result, an output potential less than the gate 
potential only by the threshold voltage is obtained at the second terminal of the first MOS 
transistor. A high level equal to the power supply voltage can be obtained at the second terminal 
of the first MOS transistor by setting the threshold voltages of the first and second MOS 
transistors to essentially the same value. 



or a 
or 
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[0014] A third aspect of the invention includes a configuration comprising a first 

second clamping circuit connected between the power supply voltage terminal and the first 
second port in order to clamp the potential of the first or second port near the reference log: 
level. Preferably, in this aspect of the invention, a first or second switch to be turned off when 
the potential levels of the first and second ports are both logically different from the reference 
logic level and turned on when the level of the potential of at least the first or the second is 
logically equal to the reference logic level may be provided in order to reduce the power 
consumption by the first or second clamping circuit. Thus, the first or second clamping circuit 
may be provided with a first or second diode in order for it to operate only when needed, 
preferably, to allow a forward current flow from the power supply voltage terminal to the first 
second port. In addition, it is preferable in this aspect of the invention that the first or second 
clamping circuit be provided with a first or second constant current source in order to allow a 
constant current to flow from the power supply voltage terminal to the first or second port. 

[0015] In addition, another aspect of the present invention has a configuration in which a 

third diode whose anode is connected to the first port and whose cathode is connected to the gate 



or 
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terminal of the first MOS transistor, or a configuration involving a fourth diode whose anode is 
connected to the second port and whose cathode is connected to the gate terminal of the first 
MOS transistor. A drop in the bias voltage due to a leakage current can be effectively prevented 
by allowing current to flow from said high level signal to the gate of the first MOS transistor 
the third or the fourth diode when the high level of the signal input to the first or second port 
higher than the gate potential of the first MOS transistor. In this aspect of the invention, 
configuration is preferred in which a first or second resistor is connected in series with the third 
or fourth diode between the first or second port and the gate terminal of the first MOS transistor 
in order to stabilize the current flowing to the gate of the first MOS transistor or a configurat 
in which a third or fourth constant current source is connected instead. 
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is 
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[0016] In addition, a further aspect of the present invention is configured such that the 

bias means is provided with a fifth diode whose anode is connected to the power supply voltage 
terminal and whose cathode is connected to the gate terminal of the first MOS transistor. When 
the second MOS transistor is not operating, that is, when it is off, the low level on the input side 
can be transmitted directly to the output side via the first MOS transistor in the on-state by 
supplying a prescribed bias voltage below the power supply voltage from the power supply 
voltage terminal to the gate of the first MOS transistor via the fifth diode. 

[0017] In addition, a still further aspect of the configuration of the present invention 

concerns a third switch connected in series with the fifth diode between the power supply 
voltage terminal and the gate terminal of the first MOS transistor, a fourth switch connected 
between the gate terminal of the first MOS transistor and a reference potential having a logic 
level different from the reference logic level, and a switch controlling means that turns the third 
switch on and the fourth switch off and vice versa. With said configuration, the bias circuit can 
be activated so as to enable a signal to be transmitted between the first port and the second port 
by turning the third switch on and the forth switch off, and the bias circuit can be essential 
disabled so as to cut off the first port from the second port by turning the third switch off and the 
fourth switch on. 
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[0018J When the switching function is provided, according to yet another aspect of the 

invention, a voltage amplifier is used that increases the voltage at the gate terminal of the first 
MOS transistor to a level higher than the power supply voltage in response to a control signal 
supplied from the switch controlling means in order to turn the third switch on and the fourth 
switch off. When said voltage amplifier is used, the gate voltage of the first MOS transistor is 
clamped to a potential higher than the power supply voltage only by the threshold voltage by 
using a change in the logic level of the control signal instead of the change in the logic level of 
the input signal in order to obtain a logic level equal to the power supply voltage level at the 
second terminal of the first MOS transistor. This aspect of the present invention comprises a 
delayed voltage output circuit that boosts its output voltage from a logic level different from the 
reference logic level to a logic level equal to the reference logic level when a prescribed delay 
time has passed after the control signal is input, as well as a capacitor connected between the 
output terminal of said delayed voltage output circuit and the gate terminal of the first MOS 
transistor. With said configuration, the gate potential of the first MOS transistor can be increased 
to a desired level by means of charge pumping in response to the change in the logic level of the 
control signal. 



[0019] In addition, another aspect of the invention has a configuration comprising a third 

MOS transistor whose first terminal is connected to the first port and whose second terminal is 
connected to the second port, a fourth MOS transistor of the same conductivity type as the third 
MOS transistor, whose first terminal is connected to the power supply voltage terminal whose 
second terminal and a gate terminal are both connected to the gate terminal of the third MOS 
transistor, a sixth diode whose anode is connected to the power supply voltage terminal and 
whose cathode is connected to the gate terminal of the third MOS transistor, a fifth switch 
connected in series with the sixth diode between the power supply voltage terminal and the gate 
terminal of the third MOS transistor, a sixth switch connected between the gate terminal of the 
third MOS transistor and a reference potential having a logic level different from the reference 
logic level, a switch controlling means that turns the fifth switch on and the sixth switch off and 
vice versa, and a voltage amplifier that boosts the potential of the gate terminal of the third MOS 
transistor to a level higher than the power supply voltage in response to a control signal given by 
the switch controlling means in order to turn the fifth switch on and turn the sixth switch off. 
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[0020] In this configuration, the voltage amplifier operates the same way as that 

described above in response to the control signal from the switch controlling means, the third 
MOS transistor performs an operation equivalent to that of the first MOS transistor, and the 
fourth MOS transistor performs an operation equivalent to that of the second MOS transistor. An 
embodiment of said voltage amplifier has a configuration comprising the voltage amplifier that 
boosts its output voltage from a logic level different from the reference logic level to a logic 
level equal to the reference logic level when a prescribed amount of delay time has passed after 
the control signal is input, as well as a capacitor connected between the output terminal of said 
delayed voltage output circuit and the gate terminal of the third MOS transistor. 



BRIEF DESCRIPTION OF THE DRAWING 

[0021] FIG. 1 is a circuit diagram illustrating the circuit configuration of the level 

shifting circuit in accordance with an embodiment of the present invention. 

FIG. 2 is block diagrams illustrating input/output function of the level shifting 
circuit of the embodiment. 

FIG. 3 is a circuit diagram illustrating the circuit configuration of the level 
shifting circuit in accordance with a second embodiment of the present invention. 

FIG. 4 is a circuit diagram illustrating an auxiliary circuit contained in the level 
shifting circuit in accordance with the second embodiment of the present invention. 

FIG. 5 is a graph illustrating input/output characteristics of the level shifting 
circuit of an embodiment in a simulation. 

FIG. 6 is a graph illustrating input/output characteristics of the level shifting 
circuit of an embodiment in a simulation. 

FIG. 7 is a graph illustrating input/output characteristics of the level shifting 
circuit of an embodiment in a simulation. 

FIG. 8 is a graph illustrating input/output characteristics of the level shifting 
circuit of an embodiment in a simulation. 
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FIG. 9 is a circuit diagram illustrating the circuit configuration of the level 
shifting circuit in a modification example of an embodiment. 

FIG. 10 is a circuit diagram illustrating the circuit configuration of the level 
shifting circuit in a modification example of an embodiment. 

FIG. 1 1 is a circuit diagram illustrating the circuit configuration of a conventional 
level shifting circuit. 

REFERENCE NUMBERALS AND SYMBOLS AS SHOWN IN THE DRAWINGS 

[0022] In the FIGS., 10 represents an N-channel MOS transistor (transfer gate transistor), 

12 represents a bias circuit, 14 represents an N-channel MOS transistor, 16 represents a diode, 
18, 26 represent clamping circuits, 20, 28 represent constant current sources, 22, 30 represent P- 
channel MOS transistors, 24, 32 represent diodes, 34 represents a NOR circuit, 36, 40 represent 
diodes, 44 represents a P-channel MOS transistor, 46 represents an N-channel MOS transistor, 
56 represents an auxiliary circuit, 56 represents an N-channel MOS transistor, 60 represents a 
bias circuit, 70 represents a charge pump circuit, 80 represents a constant current source, and 86 
represents a resistor. 

DESCRIPTION OF THE EMBODIMENTS 

[0023] The present invention will be explained below with reference to FIGS. 1-10. 

[0024] A configuration of the level shifting circuit in accordance with an embodiment of 

the present invention is shown in FIG. 1. The level shifting circuit of said embodiment uses 
NMOS transistor 10 as a transfer gate transistor. Either the source terminal or the drain terminal 
of NMOS transistor 10 is connected to port A, and the other terminal is connected to port B. 
Here, for the sake of explanation, it is assumed that the drain terminal is connected to port A, and 
the source terminal is connected to port B. Ports A and B may each be connected to a digital IC 
(not shown). 
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[0025] NMOS transistor 10 may be designed as a large MOS transistor so as to obtain 

sufficiently low on-resistance (for example, 5Q or lower). The large size results in a large gate- 
drain and gate-source capacitance and the capacitive coupling effect is increased. However, as 
will be explained below, in the present embodiment, the capacitive coupling effect between the 
drain (source) and the gate in NMOS transistor 10 not only does not result in the problems of the 
prior art, but is deliberately exploited as a useful technical feature. 

[0026] The gate terminal of NMOS transistor 10 is connected to bias circuit 12 at node 

Si. Said bias circuit 12 comprises NMOS transistor 14 and diode 16. The source terminal of 
NMOS transistor 14 is connected to power supply voltage V C c terminal C, and the drain and gate 
terminals are connected to the gate terminal common gate-connected NMOS transistor 10 at 
node Si. The anode terminal of diode 16 is connected to power supply voltage Vcc terminal C, 
and the cathode terminal is connected to the gate terminal of NMOS transistor 10 at node Si. 

[0027] Said bias circuit 12 has a first bias mode in which a bias voltage is supplied when 

NMOS transistor 14 is off and diode 16 conducts, and a second bias mode in which a bias 
voltage is supplied when diode 16 does not conduct and NMOS transistor 14 is on. While in the 
first bias mode, a bias voltage less than power supply voltage V C c only by forward voltage drop 
V F i6 of diode 16 is supplied from node Si to the gate of NMOS transistor 10. The second bias 
mode represents a condition in which the potential at node Si is higher than power supply 
voltage V cc by at least threshold voltage VrNHof NMOS transistor 14. NMOS transistor 14 is 
formed on the same semiconductor chip that NMOS transistor 10 is formed on during the same 
process. Therefore, threshold voltage Vtnh of NMOS transistor 14 can be made essentially 
equal to threshold voltage Vtnio of NMOS transistor 10. 

[0028] Clamping circuit 18 for clamping the potential of port A close to the level of 

power supply voltage V C c is connected between power supply voltage V C c terminal C and port 
A. Said clamping circuit 18 is configured by connecting constant current source 20, P-channel 
MOS transistor (referred to as "PMOS transistor" hereinafter) 22, and diode 24 in series. When 
the potential of port A is less than the level obtained by subtracting forward voltage drop V F2 4 of 
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diode 24 from power supply voltage V cc while PMOS transistor 22 is on, diode 24 turns on so as 
to supply level clamping constant current i CA from constant current source 20 to the load on the 
side of port A. 

[0029] On the other hand, clamping circuit 26 for clamping the potential of port B close 

to the level of power supply voltage V cc is connected between power supply voltage V cc 
terminal C and port B. Said clamping circuit 26 is configured by connecting constant current 
source 28, PMOS transistor 30, and diode 32 in series. When the potential of port B is less than 
the level obtained by subtracting forward voltage drop V F32 of diode 32 from power supply 
voltage V CC when PMOS transistor 30 is on, diode 32 turns on so as to supply level clamping 
constant current i CB from constant current source 28 to the load on the side of port B. 

[0030] One of two input terminals of NOR circuit 34 is connected to port A and the other 

to port B, and the output terminal of NOR circuit 34 is connected to the gate terminals of PMOS 
transistors 22 and 30 of clamping circuits 1 8 and 26. When voltages V A and V B of port A and B 
are both at the low level, output voltage of NOR circuit 34 is a logic high, and PMOS transistors 
22 and 30 are both off. However, since at least one of voltages V A and V B of port A and B goes 
high, the output voltage of NOR circuit 34 is a logic low, and both PMOS transistors 22 and 30 
turn on. 

[0031] Furthermore, a series circuit comprising diode 36 and resistor 38 is connected 

between port A and node S,, that is, gate terminal of NMOS transistor 10. When the potential at 
port A is higher than the potential at node S,, diode 36 conducts in order for a bias-holding or 
back-up current to flow from port A to node Si. 

[0032] On the other hand, a series circuit comprising diode 40 and resistor 42 is 

connected between port B and node S 0 . When the potential of port B is higher than the potential 
of node S,, diode 40 conducts in order for a bias-holding or back-up current to flow from port B 
to node St. 
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[0033] The operation of said level shifting circuit will now be explained. As an example, 

operations to be carried out when a signal level of 5 V input from port A is converted into a 
signal level of 3.3 V and output to port B will be explained. In this case, power supply voltage 
V C c of 3.3 V shared with the port B side (receiver side) IC or with the system should be supplied 
to power supply voltage terminal C of said level shifting circuit. Therefore, assuming that 
forward voltage drop V F i 6 of diode 16 is selected as 0.5 V, for example, at bias circuit 12, a bias 
voltage of approximately 2.8 V can be obtained at node Si while in the first bias mode. 

[0034] Assume that the signal input into port A is at the low level (0 V). At this time, 

bias circuit 12 is in the first mode, so that it supplies a bias voltage of approximately 2.8 V from 
node Si. Accordingly, NMOS transistor 10 turns on in the linear region so as to output the drain 
voltage directly to the source, so that the low level, that is, 0 V, is obtained at port B. 

[0035] Next, assume that the signal input to port A has changed from low level to high 

level (5 V). At this time, the potential at the gate, that is, the potential at node Si, is immediately 
increased from the current 2.8 V or so to close to approximately 7.8, V which is about 5 V more, 
at NMOS transistor 10 due to the coupling between the drain and gate. As a result, bias circuit 12 
switches from the first mode to the second mode, so that diode 16 does not conduct, and NMOS 
transistor 14 turns on. Then, NMOS transistor 14 turns on so that it saturates so as to let a 
discharge current flow from node Si to power supply voltage terminal C in order to restrict or 
clamp the potential at node Si to level (V C c + Vtnh) higher than power supply voltage V C c on 
the source side by threshold voltage Vtnh. 

[0036] A transient drain current flows between the drain and source of NMOS transistor 

10 at the moment the potential of node Si is increased. However, because the digital IC 
connected to port B is usually a capacitive load, and the gate potential gets quickly clamped to 
fixed level (V C c + Vtnh) as described above, the on-state of the saturated region of NMOS 
transistor 10 becomes stabilized without causing an overshoot at the point that the source 
potential has increased from the gate potential (V C c + Vtnh) to a level lower by as much as the 
threshold voltage Vtnio, that is, V cc (3.3 V). Thus, the 5 V system high level from port A is 
converted into 3.3 V system high level and output to port B by said level shifting circuit. 
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[0037] The high level potential (3.3 V) generated at port B when bias circuit 12 

switches from the first bias mode to the second bias mode is not changed if the capacitance is 
only the input impedance of the load (IC) connected to port B. However, because some resistive 
elements are also present in practice, the potential at port B is likely to drop due to current 
leakage on the load side. 

[0038] In the present embodiment, clamping circuit 26 prevents such a drop in potential 

at port B. That is, the output terminal of NOR circuit 34 goes low at the point port A goes to the 
high level, and PMOS transistor 30 of clamping circuit 26 turns on. Diode 32 turns on as the 
potential at port B drops due to the leakage current, and level clamping constant current i C B is 
supplied from constant current source circuit 28 to the load at port B. The drop in the level 
caused due to the leakage current is prevented by said level clamping constant current i C B, and 
the potential at port B is clamped close to V C c - V F 32- For example, if forward voltage drop VV32 
of diode 32 is selected as 0.2 V, the potential of port B is clamped close to 3.1 V. A small current 
large enough to supplement the leakage current is sufficient as level clamping constant current 
i C B, so that only a low power consumption occurs. 

[0039] Furthermore, as the output of NOR circuit 34 goes low, PMOS transistor 22 also 

turns on at clamping circuit 18 on the side of port A. However, because the potential at port A is 
at high (5 V), diode 24 does not conduct, so that level clamping constant current i C B does not 
flow. 

[0040] On the other hand, although the potential of node Si is clamped to level (V cc + 

Vjnh) which is higher than power supply voltage V C c by voltage Vtnm at bias circuit 12 while 
in the second bias mode, a small leakage current flows through NMOS transistor 14, so that the 
potential of node Si drops gradually. However, because port A is at high (5 V), diode 36 
conducts so as to supply current from port A to node Si- Resistor 38 is used to restrict said 
current in order to reduce the effect on the input signal. Thus, the leakage current of NMOS 
transistor 14 is canceled, and the potential at node Si is maintained near (V C c + Vtnm). 
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[0041] In the case of said level shifting circuit, when a 3.3 V system signal is input from 

port A, the same operations are also carried out by the respective parts. More specifically, 
when the signal input to port A changes from low to high (3.3 V), the potential at node Si is 
increased from the current 2.8 V or so to approximately 6.1 V, that is, an increase of 3.3 V, at 
bias circuit 12, in order to switch from the first bias mode to the second bias mode. Also, NMOS 
transistor 14 turns on when it saturates in the same way as described above so as to allow a 
discharge current to flow from node Si to power supply voltage terminal C in order to restrict or 
clamp the potential at node Si to level (V<x + Vtnh) higher than the source potential, that is, 
power supply voltage Vcc, by threshold voltage Vtnh. Thus, the level lower than gate potential 
(Vcc + Vtnh) by threshold voltage Vtnio, that is, Vcc (3.3 V), is obtained at the source terminal 
of NMOS transistor 10. NOR circuit 34, clamping circuit 26, and diode 36 also operate in the 
same manner as described above. 

[0042] When the signal input from port A has changed from the high level to the low 

level, the potential at node Si is immediately reduced close to 1 V due to the capacitive coupling 
between the drain and gate of NMOS transistor 10, so that bias circuit 12 switches to the first 
bias mode, NMOS transistor 14 turns off, and diode 16 conducts. As a result, NMOS transistor 
10 turns on in the linear region so as to output the voltage of the drain directly to the source, so 
that the low level of 0 V is obtained at port B. Furthermore, at this time, clamping circuits 18 and 
26 turn off both PMOS transistors 22 and 30 when the output of NOR circuit 34 goes high, so 
that currents icA and icB do not flow from constant current source circuits 20 and 28. 

[0043] In the case of said level shifting circuit, when a voltage lower than power supply 

voltage V C c (3.3 V) is input at port A, the same level shifting operations are carried out as those 
carried out when the low level (0 V) is input. 

[0044] In addition, said level shifting circuit is configured horizontally symmetrically 

with respect to ports A and B, so that the input/output relationship between ports A and B can be 
inverted. That is, the level of a signal input from port B can be shifted and output to port A in the 
same manner as described above. 
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[0045] The input/output functions of the level shifting circuit of the present embodiment 

are illustrated in FIG. 2. In FIG. 2 (A), port A is the input side, and port B is the output side. In 
this case, when the high level of the signal input from port A is higher than power supply voltage 
V<x> its level is shifted to a high level equal to power supply voltage V C c before it is output to 
port B. When the voltage level of the input signal is lower than power supply voltage V C c> a 
voltage level equal to the input voltage level is output to port B. 

[0046] In FIG. 2 (B), port B is the input side, and port A is the output side. Thus, when 

the high level of the signal input from port B is higher than power supply voltage V C c, its level is 
shifted to a high level equal to power supply voltage V C c before it is output to port A. When the 
voltage level of the input signal is lower than power supply voltage V C c, a voltage level equal to 
the input voltage level is output to port A. 

[0047] The level shifting circuit of the present embodiment described above has 

horizontally symmetrical level shifting functions with respect to ports A and B. Thus, when the 
high level of the input signal is not just equal to but higher than the power supply voltage V C c, it 
can be always shifted to the high level of V C c quickly and reliably. Thus, at the IC or the system 
on the receiver side, the power supply voltage it uses can be used as power supply voltage Vcc 
of the level shifting circuit in accordance with the present embodiment. 

[0048] Therefore, when the 3.3 V system is used on the core side in a PCI bus, for 

example, the power supply voltage of 3.3 V is used for the level shifting circuit of the present 
embodiment, so that a signal sent from an expansion board, whether it be that of a 3.3 V system 
or a 5 V system, can be always converted into the 3.3 V system signal level before it is received 
by the system on the core side. The same holds true when a 2.5 V system is used for the core 
side. That is, when the 2.5 V system is used for the level shifting circuit, a signal sent from an 
expansion board, whether it be that of a 2.5 V system, a 3.3 V system, or a 5 V system, can be 
always converted into the 2.5 V system signal level before it is received by the system on the 
core side. 
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[0049] In addition, in the case of the level shifting circuit of the present embodiment, 

although the required minimal transient currents flow at the respective parts, the continuous DC 
current consumption is low. That is, only level clamping small DC currents i C A and i C B 
corresponding to the load leakage currents on one side (output signal side) of clamping circuits 
18 and 26 flow when the input signal is at the high level. Thus, the power consumption is very 
low. 

[0050] The circuit configuration of the level shifting circuit in accordance with a second 

embodiment is shown in FIGS. 3 and 4. In the present embodiment, a switching (on/off) function 
is added to the level shifting circuit in accordance with the first embodiment. For example, in 
the case of a PCI bus system, a switching (on/off) function is required for the level shifting 
circuit in order to realize a wire insertion/removal function. 

[0051] In the present embodiment, bias circuit 12 is provided with PMOS transistor 44 

and NMOS transistor 46 in order to turn the ports A and B on and off. More specifically, PMOS 
transistor 44 is connected in series with diode 16 between terminal C for power supply voltage 
V C c and node Si, and NMOS transistor 46 is connected between node Si and GND (ground) 
level terminal. Binary signal SC for switch controlling is supplied to the gate terminal of MOS 
transistors 44 and 46 from an external control circuit via signal input terminal 48. The logic high 
of said switch control signal SC may be equal to power supply voltage V C o 

[0052] In the present embodiment, NMOS transistor 10 operates as a transfer gate 

transistor as well as a switch transistor. To turn on NMOS transistor 10 as a switch transistor, 
switch control signal SC is set to the low level in order to turn PMOS transistor 44 on and 
NMOS transistor 46 off at bias circuit 12. Here, bias circuit 12 is equivalent to the circuit 
configuration in the first embodiment. To turn off switch transistor 10, switch control signal 
SC is set to the high level so as to turn PMOS transistor 44 off and NMOS transistor 46 on at 
bias circuit 12. As a result, the potential at node Si is lowered to the low level (0 V), and switch 
transistor 10 is kept off. 
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[0053] NOR circuit 34 in the first embodiment is replaced by OR circuit 50 and NAND 

circuit 52 in said second embodiment in order to realize said switching function, and switch 
control signal SC is supplied to one of the input terminals of NAND circuit 50 via inverter 
circuit 54. When switch control signal SC is logic high (when switch transistor 10 is turned off), 
the output of inverter circuit 54 is logic low, and output of NAND circuit 52 is logic high so as to 
make both clamping circuits 18 and 26 inactive (off). When switch control signal SC is logic low 
(when switch transistor 10 is turned on), output of inverter circuit 54 is logic high, and OR 
circuit 50 and NAND circuit 52 are equivalent to NOR circuit 34 in the first embodiment. 

[0054] The switching operation of said embodiment creates a problem when a high-level 

signal is input from a port on the sender side, for example, port A, while switch transistor 10 is 
being turned off, and the external control circuit has switched switch control signal SC from 
logic high for turning off to logic low for turning on under said high-level input condition. 

[0055] That is, because there is no capacitive coupling between the drain and gate of 

switch transistor 10 even when the signal input from port A has changed from low level to high 
level while switch transistor 10 is off, the gate potential, that is, the potential at node Si, barely 
rises, so that port B side is in the high-impedance state and remains at the current low level. 
Then, even when switch control signal SC has changed from logic high to logic low, and PMOS 
transistor 44 turns on and NMOS transistor 46 turns off, at bias circuit 12, because the transition 
from low level to high level at port A has already been completed, there is no capacitive 
coupling between the drain and gate of switch transistor 10 in this situation, either. Therefore, 
bias circuit 12 remains in the first bias mode and does not switch to the second bias mode. As a 
result, a high level (Vcc) signal cannot be output to the source side of switch transistor 10, that 
is, the port B side. 

[0056] Furthermore, although PMOS transistor 30 of clamping circuit 26 turns on due to 

the high level signal input from port A, because current Icb supplied from constant current 
source circuit 28 to port B is small, it is difficult to boost it from the low level to the high level. 
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[0057] In order to solve this problem, an auxiliary circuit in block 56 is provided in the 

present embodiment. Said auxiliary circuit 56 has NMOS transistor 58 and bias circuit 60 
corresponding to NMOS transistor 10 and bias circuit 12, respectively. 

[0058] More specifically, in auxiliary circuit 56, drain terminal of NMOS transistor 58 is 

connected to port A, and its source terminal is connected to port B. Bias circuit 60 has NMOS 
transistor 62, diode 64, PMOS transistor 66 for switching, and NMOS transistor 68. Source 
terminal of NMOS transistor 62 is connected to power supply voltage Vcc terminal C, and its 
drain and gate terminals are connected to the common gate terminal of NMOS transistor 58 via 
node S2. Threshold voltages Vtnss and Vtn62 of NMOS transistors 58 and 62 may be set to 
values essentially equal to threshold voltage Vtnio of NMOS transistor 10. The anode terminal 
of diode 64 is connected to power supply voltage V C c terminal C via PMOS transistor 66, and its 
cathode terminal is connected to the gate terminal of NMOS transistor 58 at node S2. PMOS 
transistor 66 is connected in series with diode 16 between terminal C of power supply Vcc and 
node S2. NMOS transistor 68 is connected between node S2 and GND level terminal. Switch 
control signal SC from signal input terminal 48 is supplied to the gate terminals of MOS 
transistors 66 and 68. 

[0059] Furthermore, auxiliary circuit 56 has charge pump circuit 70. Said charge pump 

circuit 70 comprises delay circuit 72, inverter circuit 74, and capacitor 76 connected in series in 
this order between signal input terminal 48 and node S2. Delay circuit 72 is configured so that its 
signal delaying function is enabled only when the input signal, that is, switch control signal SC, 
is switched from logic high to logic low so as to switch its output from the high level to the low 
level after a delay time of approximately several nanoseconds, for example. 

[0060] Said auxiliary circuit 56 takes the input of high-level signal from port A on the 

sender side while switch transistor 10 is off and functions effectively when switch control signal 
SC is switched from logic high for turning off to logic low for turning on under said high-level 
input conditions. 
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[0061] Here, PMOS transistor 66 is off, and NMOS transistor 68 is on at auxiliary circuit 

56 while switch control signal SC is at logic high, the potential of node S2 is clamped to ground 
potential, and NMOS transistor 58 is kept off. 

[0062] NMOS transistor 68 then turns off simultaneously when PMOS transistor 66 turns 

on at bias circuit 60 as switch control signal SC is switched from logic high to logic low, and 
power supply voltage Vcc is applied to node S2 via diode 64 so as to charge node S2 to V<x - 
V>64. Here, V F 64 represents the forward voltage drop of diode 64, and it may be set to 0.5 V or 
so, for example. 

[0063] As described above, when the potential of node S2 is increased to Vcc - Vf64 at 

bias circuit 60 under the first bias mode, a low-level voltage is output immediately from delay 
circuit 72, and output of inverter circuit 74, that is, potential of node S3, is increased from low 
level to high level. Thus, the potential at node S2 is increased by the increased portion in the 
potential of node S3, that is, the amount of change from low level to high level (equivalent to the 
level of Vcc), from the current level (Vcc - Vf64) due to the coupling effect or charge pumping of 
capacitor 76. Thus, NMOS transistor 62 turns on in the direction the current flows from node S2 
to power supply voltage terminal C so as to clamp the potential of node S2 to Vcc - Vtn62- As a 
result, an output voltage having a level lower than gate voltage (V C c - Vtn62) by threshold 
voltage Vtn58> that is, Vcc level, is obtained at the source of NMOS transistor 58. 

[0064] The level of the high level above Vcc input from port A in the manner is shifted 

to the high level of the Vcc at bias circuit 60 and output to port B. When the potential of port B 
drops below Vcc due to the leakage current on the load side, clamping circuit 26 is activated to 
clamp the level in the manner. 

[0065] Furthermore, bias circuit 60 and charge pump circuit 70 in auxiliary circuit 56 

operate in the same manner as described above also when low level is input from port A when 
switch control signal SC is switched from logic high for turning off to logic low for turning on. 
However, because the drain voltage of NMOS transistor 58 is at the low level, the high level is 
not output to port B. In addition, when switch control signal SC is switched from logic low for 
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turning on to logic high for turning off, the potential at node S 2 is forcibly clamped to GND level 
so as to turn NMOS transistor 58 on at auxiliary circuit 56. 

[0066] The input/output characteristics of the level shifting circuit (FIG. 4) of the 

embodiment have been simulated in a SPICE program and are shown in FIGS. 5-FIG. 8. 

[0067] In the simulations of FIG. 5 and FIG. 6, 3.3 V is used as power supply voltage 

Vcc, only 15 pF capacitance C L is used for the input impedance of the load on the receiver side, 
and 5 V and 3.3 V are used as high level at the input side. In the case of 5 V input (FIG. 5) and 
3.3 V input (FIG. 6), it is clear that the gate potential (potential at node Si) of NMOS transistor 
10 is increased to approximately 4.5 V to 4.3 V when the high level is input due to the capacitive 
coupling, and the output voltage on the source side is converted into the level of power supply 
voltage V cc (3.3 V). 

[0068] The simulation in FIG. 7 shows the waveform of the output voltage obtained 

when 5 pF capacitance C L and 10 MQ resistor were used for the load on the receiver side, and 
the receiver side voltage was changed from the low level (0 V) to the high level (3.3 V). In this 
case, the gate potential (potential at node Si) of NMOS transistor 10 increases close to 4.3 V in 
response to the level change (0 V -> 3.3 V) at the input side, and an output voltage with the 
power supply voltage level (3.3 V) is obtained at the source side as a result. Subsequently, the 
output voltage begins to drop. That is, if the load is totally capacitive with no leakage current, 
once the output voltage is increased to the power supply voltage (3.3 V), it stays there. However, 
because the load has some resistance (10 MQ) and discharges via leakage current, the level of 
the output voltage begins to drop. However, the level of the output voltage gets stabilized as it 
drops close to 3.1 V since, as described above, the high level of the output voltage is clamped by 
the current supplied from the clamping circuit (18 or 26) and balances out to approximately 3.1 
V. Thus, it is clear that a stable level shifting operation can be achieved with only a slight drop in 
the level even when the load contains a leakage current in actual application. 
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[0069] FIG. 8 is used to explain the operation of auxiliary circuit 56. As soon as switch 

control signal SC changes from logic high for turning off to logic low for turning on, the 
potential at node S 2 rises above 2 V. Then, as the potential at node S 2 reaches approximately 2.7 
V, the potential at node S 3 rises from near 0 V to 3.3 V, the potential at node S 2 is increased 
close to 4.7 V through charge pumping, and the output rises to 3.3 V. Thus, it is clear that the 
output can be switched to a level above 3.0 V in approximately 10 nanoseconds by the operation 
of auxiliary circuit 56. 

[0070] Modification examples of the embodiment are shown in FIG. 9 and FIG. 10. In 

the case of the modification example in FIG. 9, resistor 38 (42) is replaced by constant current 
source 80, and switch 82 is inserted into the path for maintaining the bias. Switch control circuit 
84 monitors the potential of node S 4 on the cathode side of diode 36 so as to turn switch 82 on 
when the potential at node S4 is higher than power supply voltage V C c. 

[0071] In the case of the modification example in FIG. 10, bidirectional level shifting is 

enabled between ports A and B when the high level at the port A side is definitely higher than 
the high level on the port B side. Here, power supply voltage V C cb with a level equal to high 
level (for example, 3.3 V) on the port B side is supplied to bias circuit 12 and power supply 
voltage terminal C of clamping circuit 26 on the port B side. On the other hand, separate power 
supply voltage terminal E is connected to port A via resistor 86, and power supply voltage V C ca 
having a level equal to the high level (for example, 5 V) on the port A side is supplied to said 
power supply voltage terminal E. 

[0072] In the level shifting circuit in FIG. 10, when port A is the input side, and port B is 

the output side, the same level shifting operation as described above is carried out. Also, when 
port B is the input side, and port A is the output side, the same level shifting operation as 
described above is carried out until the point immediately after the input of the high level. That 
is, when a high level signal is input from port B, a high level signal equal to the high level on the 
port B side is output to port A. However, since current flows from power supply voltage terminal 
E to the load on the port A side via resistor 86, the potential of port A increases gradually and 
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saturates (stabilizes) at the level of power supply voltage V C ca. In addition, clamping circuit 18 
may be added to the circuit of FIG. 10. 

[0073] Furthermore, in another modification example (not illustrated), constant current 

source 28 (20) may be replaced by a resistor in clamping circuit 26 (18). In addition, bias circuit 
12 and switch transistor 10 can be used to perform a similar function to that of auxiliary circuit 
58 by connecting a charge pump circuit equivalent to charge pump circuit 70 of auxiliary circuit 
58 at node Si on the side of bias circuit 12. 

[0074] As described above, with the level shifting circuit of the present invention, an 

arbitrary input signal level higher than the power supply voltage used can be quickly, reliably, 
and accurately shifted to an output signal level controlled by the power supply voltage. In 
addition, the DC current consumption can be reduced, so that lower power consumption can be 
realized. 
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